This study aimed to assess sex differences in predictors for becoming a current exclusive electronic cigarette (e-cigarette) user, current exclusive smoker, or current dual user (concurrent smoking and e-cigarette use). This longitudinal study included 2399 females and 2177 males who had tried neither cigarettes nor e-cigarettes at baseline and attended 57 middle schools in the three largest cities in Mexico. We estimated multinomial logistic models stratified by sex. At follow-up, the prevalence of current exclusive e-cigarette use was 6.4% for males and 5.5% for females; current exclusive smoking was similar among males (3.6%) and females (3.5%); dual use was 2.4% females and 1.8% males. In the adjusted model, current e-cigarette use among females was associated with baseline current drinking (ARR = 1.85; p < 0.05), having a job (ARR = 1.99; p < 0.05), higher technophilia (ARR = 1.27; p < 0.05), and higher positive smoking expectancies (ARR = 1.39; p < 0.05). Among males, only having friends who smoke cigarettes at baseline was a significant predictor of current exclusive e-cigarette use at follow-up (ARR = 1.44; p < 0.05). For both sexes, current exclusive smoking at follow-up was associated with baseline current drinking (male ARR = 2.56; p < 0.05; female ARR = 2.31; p < 0.05) and, among males, only with having a parent who smoked (ARR = 1.64; p < 0.05). For both sexes, dual use at follow-up was associated with baseline current drinking (male ARR = 3.52; p < 0.005; female ARR = 2.77; p < 0.05); among females, with having paid work (ARR = 2.50; p < 0.001); and among males, with parental smoking (ARR = 3.20; p < 0.05). Results suggested both common and different risk factors by sex, suggesting that interventions may need to consider targeting sex differences.
Introduction
Electronic cigarette (e-cigarette) use among young people has grown substantially [1, 2] , even in countries where the importation, distribution, marketing and sales of e-cigarettes are banned, such as
Materials and Methods

Study Population
We used data from a longitudinal study of students from 57 randomly selected public middle schools in the three largest cities in Mexico (Mexico City, Guadalajara, and Monterrey). A detailed description is available of the multi-stage school selection procedure, where the overall baseline response rate for all eligible first-year students in February and March 2015 was 84.0% [7] . The follow-up survey in October and November 2016 was administered in the last year of middle school, where students could participate whether they were surveyed at baseline or not. Passive parental consent was used, with students providing active assent. Study protocols were approved by the Ethics Committee of Mexican National Institute of Public Health (acronym in Spanish INSP; CI 1104; copies of the survey can be solicited from the corresponding author).
The sample included 6536 students who were surveyed at baseline and follow-up. After excluding students who tried combustion cigarettes or e-cigarettes at baseline (n = 1685) and those with missing covariates (n = 275), the final analytic sample consisted of 2399 females and 2177 males.
Measure
Baseline Covariates
Socio-demographic characteristics included sex, age (i.e., 11 to 12 or 13 to 15 years old), and highest educational attainment of either parent (i.e., primary, middle, high school or more, unknown). Personal risk factors included a 4-item sensation seeking scale (e.g., "I like to do frightening things"; α = 0.80), previously validated for Mexican youth [30] ; a 4-item measure of positive smoking expectancies (e.g., "Smoking makes me feel good"; α = 0.89) [31] ; alcohol use (i.e., never used; tried but not in the last 30 days; current drinking in the last 30 days) [32] ; ever use of drugs, focused on the most commonly used illegal drugs in Mexico (i.e., marijuana, cocaine) [7, 33] ; technophilia measured with three-items about technology ownership (i.e., computers, smartphones and videogames) [7] ; frequency of digital social media (e.g., Facebook, Snapchat, Twitter, Instagram) use in the past month (no use; occasional use; frequent use); parental rules about internet use (yes/no); current working status (i.e., "Do you have any work for which you are paid?"); and maternal monitoring/control (e.g., "She tells me what time I have to be home"; α = 0.70) using three averaged items for each dimension [34] . Social network smoking behavior included: parental smoking (either parent vs. neither); smoking among at least one of their five best friends (none vs. one or more).
Dependent Variables at Follow-Up
At follow-up, current cigarette use was determined by asking students: "During the past 30 days, on how many days did you smoke cigarettes?", with those who reported smoking at least once defined as current smokers. Similarly, for current e-cigarette use, students were asked: "During the past 30 days, on how many days did you use e-cigarettes?" Those who reported using e-cigarettes at least once in the prior 30 days were defined as current users. These two categories were used to divide the sample into: (1) Non-current user of either product; (2) Exclusive e-cigarettes users; (3) Exclusive smokers; and (4) Dual users, who concurrently smokers and e-cigarettes users.
Analysis
Within each tobacco product use group at follow-up (i.e., non-current users; exclusive e-cigarette users; exclusive smokers; dual users), descriptive statistics were evaluated for all study variables. We estimated multinomial logistic models regressing tobacco product use (non-current users of either cigarettes or e-cigarettes = reference group; exclusive e-cigarette users; exclusive cigarette users; and dual users) stratified by sex. Both bivariate and adjusted models were estimated for the covariates described above. As a sensitivity analysis, we excluded the adolescents that responded that they used in cigarettes or e-cigarettes in the last 30 days, but not in their lifetime. Furthermore, we used the VCE cluster command that allows getting robust standard errors that adjusted for the correlations among students at the school level (57 middle schools). The analyses were performed using STATA 15 (StataCorp. 2017. Stata Statistical Software: Release 15. College Station, TX, USA). In the specification of the multinomial models, STATA provides an option to estimate Relative Risk Ratios (RRRs), which we consider was adequate since our analyses were longitudinal
Results
About half of the sample was female (52.4%). At baseline, most students were 11 to 12 years old (males 65.0% and female 67.2%), and more males (55.0%) than females (45.0%) had a job. Characteristics of the sample by sex are presented in the Table 1 . 
Current Exclusive e-Cigarette Use at Follow-Up
At follow-up, the prevalence of exclusive current e-cigarette use was 6.4% among males and 5.5% among females. In adjusted multinomial models for females, where exclusive e-cigarettes were compared to noncurrent users of either product, baseline having a job (Adjusted Relative Risk Ratios or ARR: 1.99, 95% CI 1.18, 3.37), current drinking (ARR: 1.85, 95% CI 1.09, 3.15), higher technophilia (ARR: 1.27, 95% CI 1.05, 1.55), and higher positive smoking expectancies (ARR: 1.39, 95% CI 1.10, 1.74) were associated with becoming an exclusive e-cigarettes user ( Table 2 ). Among males, only having friends who smoke was an independent, statistically significant predictor of exclusive e-cigarette use (ARR: 1.44, 95% CI 1.02, 2.01; see Table 3 ). p value < 0.05 *, < 0.005 **, < 0.001 ***. Estimation involved multinomial models where the reference group was non-current use of e-cigarettes or cigarettes. p value < 0.05 *, < 0.005 **, < 0.001 ***. Estimation involved multinomial models where the reference group was non-current use of e-cigarettes or cigarettes.
Current Exclusive Smoking at Follow-Up
At follow-up, exclusive current smoking was similar among males (3.6%) and females (3.5%). In adjusted multinomial models for both sexes, predictors of smoking included current drinking (male ARR: 2.56, 95% CI 1.50, 4.38; female ARR: 2.31, 95% CI 1.24, 4.31; see Tables 2 and 3 ). Having a parent who smoked cigarettes (ARR: 1.64, 95% CI 1.07, 2.49) predicted smoking among males only (Table 3 ).
Dual Use of e-Cigarettes and Smoking at Follow-Up
The prevalence of dual use at follow-up was 2.4% among females and 1.8% among males. In adjusted models for both sexes, baseline current drinking predicted dual use (male ARR: 3.52, 95% CI 1.66, 7.68; female ARR: 2.77, 95% CI 1.11, 6.57; see Tables 2 and 3 ). For females, having a job predicted smoking (ARR: 2.50, 95% CI 1.62, 0.86) ( Table 2) , and, among males, parental smoking predicted smoking (ARR: 3.20, 95% CI 1.40, 7.34; see Table 3 ). The findings from the sensitivity analyses were in the same direction and significance as the resulted reported here (see Appendix A).
Discussion
In general, we found negligible differences between males and females in the incidence of becoming a user of e-cigarettes, cigarettes or both, although risk factors differed somewhat by sex. Consistent with prior research [18] , including in Latin America [19] , we found that becoming a current exclusive e-cigarette user was somewhat higher among males (6.4%) than females (5.5%); however, this relatively small difference was balanced out by the slightly lower prevalence of becoming a current dual user amongst males (1.8%) than females (2.4%). Overall, the differences between males and females were negligible, suggesting that the likelihood of using tobacco products is becoming similar across sexes in Mexico.
The number of differences in the risk factors for tobacco product use are notable. For males, friend and parental smoking was a predictor of current smoking and e-cigarette use, which is consistent with results from study that did not stratify analyses by sex [28, 35] . However, this result contrasts with prior, cross-sectional studies Mexico [24] and longitudinal in Finland [27] , in which tobacco product use among family were associated with greater susceptibility to and initiation of e-cigarette use with female. The reasons for these differences in risk factors are not clear; however, it may be because our baseline measures of tobacco product use amongst network members was limited to smoking, not e-cigarette use. This was because we had assumed that e-cigarette use would be uncommon given the ban in Mexico and the young age of the sample (12.5 years at baseline). In our subsequent, cross-sectional research on the follow-up survey from this sample, we found evidence for product specific network influences on e-cigarette use susceptibility amongst never users, including stronger effects of peer and parent e-cigarette use on females than males [24] . Future longitudinal research should evaluate whether network use of specific product types influences specific product use amongst youth, including by sex.
For both males and females, baseline alcohol use predicted current smoking and dual use, as in other studies [14, 36] , but we found that it predicted e-cigarette use only among females. Risk for polysubstance use among female is increasing [37, 38] , and little is known about this topic. These data suggest that efforts to prevent e-cigarette use should target a variety of substances, perhaps by focusing on common risk factors, such as social influence and building refusal skills [39] . In so doing, interventions may need to consider how gender roles influence substance use.
We found that females who reported having a job were more likely to become current e-cigarettes users and dual users, whereas this association was not found among males. In prior studies, this association has been explained by focusing on how greater economic resources allow for purchasing e-cigarettes, which can be relatively expensive compared to cigarettes [16, 35, 40] ; however, none of these studies evaluated whether this association differs by sex. Adolescents who report having a personal income show independence behavior, gain relatively more autonomy from parents and possibly have less parental oversight. Indeed, a study conducted in different European cities found a strong relationship between personal income and smoking [41] . Furthermore, workplaces often provide opportunities for adolescents to socialize with adults, who may be more likely to use tobacco products. The idea of independence, equality, and autonomy that the tobacco industry has used to promote its products, including in its female-targeted promotions, may be more effective among young females than males.
Our proxy measure of technophilia predicted current e-cigarette use, whether exclusive or dual use, but only among females. It is not clear why technophilia would be a risk factor specifically for female. As discussed in prior research on this topic [5, 7] , this may be due to greater social media use and, through this, more exposure to online advertising; however, we found that frequency of social media use was unassociated with any outcome for either sex. Hence, technophilia appears to be an independent risk factor for e-cigarette use among adolescents in Mexico [5, 7] and should be explored in studies conducted in other countries, including those with contrasting e-cigarette policies.
Our study has some potential limitations. We collected data from students in only three cities, but these cities are the largest in Mexico and therefore provide a reasonable approximation of other urban populations, where about three-quarters of all Mexicans live [10] . However, results may not generalize to rural areas of Mexico, where access to e-cigarettes may be quite different. Furthermore, the baseline survey was developed to evaluate media influences on smoking initiation; hence, we included only a few questions that were specific to e-cigarette awareness and behavior at baseline because of our incorrect assumption that e-cigarette use would be low given the young age of the sample, their relatively recent introduction, and their illegality. As a result, we did not fully evaluate potential media, network, or psychosocial influences on uptake, and our results may therefore suffer from omitted variable bias. We also may have missed important marketing exposures and social influences that emerged in the interim between survey waves, which covers a time when the market for e-cigarettes was rapidly evolving. Finally, the study was not designed to evaluate substance use from a gender perspective, which would have involved examining potential differences related to social facilitation, appearance, weight control and management of stress and mood [42] . Future research should more fully consider gender differences in the mechanisms that may explain e-cigarette use.
Conclusions
This study-conducted in the context of a country that bans e-cigarette sales and marketing, but not their consumption-found that e-cigarette use was surprisingly high among both male and female middle school students, having eclipsed the incidence of smoking in both groups. We also found more differences than similarities in the risk factors for current e-cigarette use across males and females. In particular, parent and friend smoking was a risk factor among males but not females, whereas working, technophilia and alcohol use were risk factors for females but not males. For both, drinking was a strong risk factor for current smoker and current dual user. Future research and actions that reduce health disparities using a gender approach should be considered. Furthermore, it will be critical to monitor potential health effects from e-cigarette use, such as EVALI (e-cigarette, or vaping, product use-associated lung injury), which appears due to consumption of black market cannabis oils using vaping devices. In Mexico at least one fatal case has been documented, though this number may grow due to the unregulated, illegal nature of the e-cigarette market. 
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